This paper studies the CFD simulation of forward three-dimensional (3-D) horizontal axis wind turbine (HAWT) blades. Using logarithmic grid and Q-criterion to learn the vortex dynamics around the blades at low rotational speed. The computational fluid dynamics (CFD) simulation uses Q-criterion to probe vortices and logarithmic grid to emphasize the micro-gridding effect of the turbulent boundary layer. The visualization & measurement of the simulation results give the coefficient of pressure (Cp). For forward 3-D wind turbine blade, at low rotational speed, the strongly accelerated laminar region surrounds the lower blade, and the decelerated tip blade region coalesce each other give rise to a reverse limiting streamline, eroding the laminar region further until a little is left on the tip of the blade. The "reverse limiting streamline" grows inward radially, the area is narrowing closing to the leading edge of the blade tip. The second side of the rolled-up vortex appears the velocity ratio (Uc/Ulocal) of the second vortices are higher than the main vortex cores. For radius R=1.547 m, U=12 m/s, at 210 RPM, C L and C D values reach a maximum with fully laminar tip conditions. While at 120 RPM, the C L and C D values reach a minimum in the absence of laminar tips. The results show the detailed vortex dynamic pattern surround the blades, give more understanding to design laminar 3-D blade toward a noiseless wind turbine system.
Introduction
The power of 3-D HAWT blade models with backward-swept has been investigated, and the stream designs have been verified using visualization of the stream. The blade structures are designed employing the distributions of chord and twist following the formula of Schmitz. Formerly the sliced of HAWT blades were uniform as divided independently as there was not any exchange of momentum span wisely. Testing of performance and design of the blade were performed (Bai, Hsiao, Li, Huang, & Chen, 2013; Plaza, Bardera, & Visiedo, 2015; Singh & Ra, 2013; Velázquez et al., 2014) . Substantial involvement of German and Russian experts Joukowsky, Glauert had to be also documented (Okulov, Sørensen, & Wood, 2014) . Pumping effects and Coriolis force took part importance roles (Hu, Hua, & Du, 2006) .
The 3-D HAWT blade model performance has been investigated stresses on the phenomenon of stall delay in combination with back-swept of the HAWT blade models. The stall delays have been recognized in 3-D HAWT blade models. It was caused by the rolled-up vortex effects caused by triangular-hubs, as front-edge vortices caused essential roles (Gursul, Wang, & Vardaki, 2007; Han & Kinnas, 2013; Nelson & Pelletier, 2003) .
to the boundary, DES needs very small gridding in the boundary, therefore logarithmic-meshes, and structured gridding was needed. Chengdu has been investigated to measure the fuselage effects, implementing Q-criterion, to model fighter aircraft. It is found that using Q-criterion, one can justify the accuracy of the simulation results to optimize the y+ size.
Detached eddy simulation has solved several problems extensively. The delayed DES of a stalled flow over NACA0012 airfoil using high order schemes has been studied (Im & Zha, 2011) . Flow behind an isolated propeller has been simulated (Muscari, Di Mascio, & Verzicco, 2013) . A DES has been performed based on the v2-f model (Jee & Shariff, 2014) . A comprehensive study of DES has been done (Mockett, 2008; Morton et al., 2004; Travin, Shur, Strelets, & Spalart, 1999) . DES of the flow, behind the propeller, has been investigated . Squires (Morton et al., 2004) has demonstrated the perspectives of DES. A qualified study of RANS DES and LES of internal torque converters flows has been done (Liu, Liu, & Ma, 2015) . Larson has shown the prospect of using DES and LES in engineering and the research (Larsson & Wang, 2014) .
Zhang et al. have learned the characteristics of HAWT blades with a sinusoidal front-edge (Zhang & Wu, 2012) . Dong et al. have conducted DNS study on identification methods of three vortex (Dong, Yang, & Liu, 2017) . Dobrev and B. Maalouf, has investigated the wind turbine vortex structure (Dobrev & Maalouf, 2008) . Model et al. has performed a CFD simulation of a floating offshore wind turbine system (Model et al., 2012) . This paper demonstrated the CFD simulation results using DES to forward 3-D HAWT blade model. The highly accurate scheme was employed in this research, using structured CFD scheme. The paper would explain the stream mechanism where the stall develops, and it propagates. This paper would elucidate the mechanism why the blade edge of the lowermost section is distressed from strongly decelerated distress, and the blade lip of the uppermost section is suffered from strongly accelerated distress as exposed by Sutrisno et al. (2016) .
Numerical Method

Wind Turbine Design
In this simulation research, the procedure of boundary element method has been applied to design the configuration of the HAWT blades. The system had 3 blades and used airfoil NACA 4412 throughout the length of their spans. The distributions of the pitch angles and the spanwise of the chord lengths were approximated using the BEM optimum spreading (Equations (1) and (2)), as presented in Figure 1 (Sutrisno, Iswahyudi, & Wibowo, 2018 
Simulation Methods
The computational domain construction started with the formation of a HAWT blade CAD model and divided the area into blocks. The block section was then sliced to become net as exposed in Figure 2 . The net structure applied was a hexahedral arranged net with H-shaped type on the exterior of the HAWT blade with the wall function principle of y + = 4. It meant that the first net depth on the partition was 0.0002 m. Computational area formation used periodic 120 o boundary conditions. The quantity of cells in the computational filed of the blades was around 1,200,000 cells after a series of net independence tests.
In this investigation, the gas was presumed to be steady state, incompressible. The mass conservation equation and the momentum equation were employed with "Moving Reference Frame" mode. The fluid was with 1,225 kg/m3 density and 0,000017894 kg/ms viscosity. The discrete algebraic equations solving method was Semi ImplicitMethod for Pressure Linked Equation method using the SST equation turbulence model. Flow visualization includes plotting the limiting streamline, footprint drawing. Here, it will also be described the changes in the turbulent zone, laminar zone, acceleration or deceleration zone, and the rolled-up vortex existence. Next will also be shown the stream visualization plot of the main vortex core.
The measurement result consists of the strength measurement of the vortex center is the velocity of the axial vortex center U o /U local (z) and the pressure coefficient, C p of the vortex core, or measures the pressure coefficient of the center of the total pressure loss over the area in consideration. Spanwise and trajectory location measurement of the vortex core or the center of the total pressure loss. Surface pressure distribution at 30% and 60% of the area under review. The measurable result is intended to provide quantitative quantities of whether the vortex center is called a vortex core if U c /U local (z) is greater than or equal to 1, meaning that the vortex tip or rolled-up vortex is sharp enough to impact laminarization or stall delay on the turbulent area it hears.
Trajectory vortex is quite close to the surface, so it has induced negative pressure and strong induction lifts, this can be seen in C L and C D distributions along the area under review. The results of the measurable result-based analysis can be remixed with the visualization results. By considering the results of the limiting streamline or footprint, and the results of vortex center visualization one can observe the vortex tip, rolled-up vortex, whether rolled-up vortex or not, whether the rolled is weak or strong to produce laminarization or stall delay for the area passed.
Results and Discussion
Numerical Validation
Independent test for the forward HAWT blade was conducted, we measured the torque of the HAWT blade for a different number of the cell from 650,000 to 1,350,000, and it gives stable values, as shown in Fig. 4 . Fig. 5b-5d , where the laminar area on the tip is still broad, shrinking, narrowing, and finally lost. It is also related to the existence of vortex cores, Fig. 6c-6g , where the vortex core is getting smaller and eventually disappeared. The flow mechanism around the forward wind turbine blade in Fig. 5 shows that the vortex tip of the blade acts as if it resembles a rolled-up vortex of a delta triangle. This is obtained by interpreting the footprint of the limiting streamline, in Fig. 5 , for U = 12 m/s and rotation of 210, 180, 160, 120 RPM.
In the field surround a 3-D forward HAWT blade, Fig. 5a , there is a strongly accelerated laminar region in the base of the blade and a strongly decelerated laminar region at the middle region of the blade. As the blade rotation drags slower to moderate speeds, a "reversed limiting stream," an eroding stall area, grows at the blade elbow area, where the two zones meet, as shown in Fig. 5b-5c . As the top zone which encroached by the reversed stall area, the remaining laminar region is the leading-edge area towards the blade tip. It is a decelerated laminar region. At last, the laminar area in the leading-edge region of the blade tip becomes the connecting channel toward the blade-tip outward vortex-center. At the other end, the laminar area in the leading-edge region is directly adjacent to the "reversed limiting streamline."
At higher rotation around 165 and 160 RPM, as shown in Fig. 6 , the reversed vortex starts to be suspected as the second side of the rolled-up vortex, the second vortex center. Its axial vortex center speed is higher than the main axial vortex center, as shown by the picture of "limiting-streamline" Fig. 5 and vortex center Fig. 6 . When compared with the backward HAWI blade, (Sutrisno, Deendarlianto, et al., 2018) , the "limiting streamlined" path of backward HAWI blade grows towards the tip radially, while on the forward HAWI blade the limiting streamline flows flips, spreads forward, from tip to the hub. By knowing the characteristics of limiting streamline disasters, it is easy to understand how to reduce energy wasted with vortex tips. At higher rounds around 165 and 160 RPM, as shown in Figure 8 , starts to appear suspected as the second vortex center (starting with a lower RPM) with an axial vortex center speed higher than the main axial vortex center, as shown by the picture " limiting-streamline" Fig. 5 and vortex core Fig. 6 . With an understanding of the characteristics of limiting streamline disasters, it is increasingly understood how to reduce energy wasted with vortex tips. From Fig. 8 , it is understood that the decrease in RPM due to rising loads makes the C L and C D go down, and vice versa. When in Fig. 8 in combination with limiting streamline characters Fig. 7 , it can be concluded that at low load, 210 RPM, the tip of the laminar blade is full, at the end it gives the highest C L and C D . In contrast, at high loads, 120 RPM, the tip of the blade without the remaining laminar area, at the end gives the lowest C L and C D . 
Conclusion
In this paper, a simulation of the forward 3-D HAWT blade is conducted to study the vortex dynamics characteristics of the flow surround turbine blades. The laminar region surrounds the lower blade is a strongly accelerated region, while the region surrounds the tip blade is strongly decelerated region. At high wind speeds, the more massive the load or, the slower the RPM, the area of the strongly accelerated region and strongly decelerated region coalesce together gives rise to a "reverse limiting streamline" phenomenon. This causes the laminar area to be further eroded so that only a little is left on the tip of the blade. The strongly decelerated laminar area is narrowing leads to the leading edge of the blade tip.
At the tip of the blade stays a vortex center, which is also a vortex tip. At the inner end of the laminar region, which mas.ccsenet.org
Modern Applied Science Vol. 12, No. 12; borders on "reverse limiting streamline," appears the second side of the rolled-up vortex. The rolled-up vortex effect has an additional vortex center, which is detected starting from 180 RPM. The more massive the load, the slower the RPM, so the power increases. This can be seen at 160 and 165 RPM for Uc/U local from additional vortices which are higher than the main vortex centers.
When compared, the laminar area of the backward HAWT blade is crushed inward, especially on the blunt end blade. This caused the second additional vortex center, which was the result of the rolled-up vortex effect.
On the 3D forward HAWT blade, "reverse limiting streamline" grows inward radially. This event might cause a second core vortex, where U c /U local is larger than the main core vortex. However, this will be difficult to show and prove. When viewed from the C L and C D values, the value of both decreases when the RPM decreases. 
